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 This study aims to investigate the impact of isopropanol on the optical properties 

of the Fe₃O₄/ZnO/GQDs nanocomposite. The synthesis of Fe₃O₄ and ZnO 
nanoparticles was conducted using the coprecipitation method, followed by the 

synthesis of GQDs using the hydrothermal method with varying concentrations 

of isopropanol. Subsequently, the Fe₃O₄/ZnO nanocomposite was combined 

with GQDs synthesized using the sonication method. The amalgamation of 
magnetic and luminescent materials holds promise for applications in the 

biomedical field, particularly in bioimaging. XRD data analysis revealed crystal 

structure alterations attributed to the incorporation of carbon elements in both 

ZnO and Fe₃O₄. The TEM results indicated a particle size of 16.2 nm for the 
Fe₃O₄/ZnO/GQDs nanocomposite with a 10 ml isopropanol variation. Identified 

phases from the XRD analysis include Fe₃O₄, ZnO, and GQDs. UV-Vis 

spectroscopy detected distinctive absorbance peaks at wavelengths of 323.7 nm, 

333.0 nm, 329.9 nm, and 323.9 nm. Moreover, the energy gap exhibited an 
increase with escalating concentrations of isopropanol in the GQDs. 

Photoluminescence analysis yielded robust, broad emission bands characterized 

by orange and red luminescence. 
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1. INTRODUCTION  

Nanoparticles are very small particles less than 100 nm in size and are widely developed, 

especially in the biomedical field. In this context, nanoparticles can be used for drug delivery (Rizvi & 

Saleh, 2018), magnetic resonance imaging (MRI) (Patsula et al., 2016), and bioimaging (Khosravanian 

et al., 2021). Bioimaging materials in the medical field typically use certain compounds to enhance 

visual contrast, such as Fe₃O₄ magnetic material, due to its superparamagnetic properties, 

biocompatibility, and ease of synthesis (Wu et al., 2015). Fe₃O₄ nanoparticles are a combination of iron 

oxide (Fe₂O₃) and iron monoxide (FeO). 

The application of Fe₃O₄ as a contrasting material can be enhanced by combining it with a 

luminescent material. ZnO is one such luminescent material that is stable, biocompatible, and non-toxic 

(Reaz et al., 2020). Gupta et al. (2021) synthesized and characterized Fe₃O₄/ZnO nanocomposites, which 

exhibited superparamagnetic properties and strong emission, making these magnetic-luminescent 

materials promising for bioimaging applications. However, incorporating Fe₃O₄/ZnO nanocomposites 
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can decrease luminescence intensity, necessitating modification with luminescent materials such as 

graphene quantum dots (GQDs). 

In recent years, carbon allotropes like diamond, carbon nanotubes, and graphene have garnered 

significant attention for supercapacitor applications (Gholinejad et al., 2017). GQDs offer several 

advantages, including low toxicity, small size, excellent photostability, biocompatibility, tunable 

photoluminescence properties, and ease of functionalization with biomolecules (Henna & Pramod, 

2020). Additionally, they can be derived from abundant organic materials (Wang et al., 2016). Research 

by Wanas et al. (2023) successfully synthesized graphene/ZnO nanocomposites using ethanol solvents 

and the sonication method. The graphene/ZnO nanocomposite exhibited a wurtzite crystal structure, 

with photoluminescence (PL) characterization showing high and low emission peaks at 485 nm and 538 

nm, corresponding to blue and green luminescence. SEM results indicated that the presence of ZnO on 

graphene prevents aggregation. 

The GQDs synthesis process requires a solvent to dissolve certain compounds and form a 

homogeneous solution. Various solvents can be used, such as acetic acid, acetone, ethanol, nitric acid, 

hydrazine hydroxide (N₂H₅OH), and isopropanol. Isopropanol was chosen as the solvent in the GQDs 

manufacturing process due to its good solubility for various compounds (Fajarullah et al., 2014). 

Isopropanol is colorless, non-explosive, has a very strong odor, and dissolves easily in water 

(Goldsborough et al., 2021). 

In this study, Fe₃O₄/ZnO/GQDs nanocomposite was synthesized using the sonication method, 

with rice husk serving as the carbon source for GQDs. The objective of this study is to analyze the effect 

of isopropanol on the optical properties of Fe₃O₄/ZnO/GQDs nanocomposite with isopropanol variations 

of 5 ml, 7.5 ml, and 10 ml, aiming to enhance the utility of these magnetic-luminescent materials for 

bioimaging applications. 

2. METHOD  

2.1 Synthesis of Fe3O4/ZnO Nanocomposite  

Fe₃O₄/ZnO/GQDs nanocomposite were synthesized using the following materials: Iron (III) 

chloride hexahydrate (FeCl₃·6H₂O, Merck), iron (II) sulfate heptahydrate (FeSO₄·7H₂O, Merck), 

ammonium hydroxide (NH₄OH 21%, Bratachem), alcohol 96%, zinc nitrate (Zn(NO₃)₂, Merck), 

polyethylene glycol (Merck), and isopropanol (Bratachem). Fe₃O₄ nanoparticles were synthesized using 

the coprecipitation method. This method involved dissolving FeCl₃·6H₂O and FeSO₄·7H₂O with a 

molarity ratio of 2:1 in 30 ml of distilled water. Once the solution was homogeneous, 30 ml of NH₄OH 

was gradually added until the solution turned solid black. The solution was stirred with a magnetic stirrer 

at 60℃ for 180 minutes. The resulting solid was precipitated using a permanent magnet and washed 

with distilled water three times. 

In the next step, zinc nitrate was dissolved in 100 ml of distilled water, and 30 ml of NH₄OH 

was gradually added. This zinc nitrate solution was mixed into the Fe₃O₄ precipitate and stirred using a 

magnetic stirrer at 70℃ for 24 hours. The mixture was then precipitated with a permanent magnet and 

washed with distilled water three times. The obtained precipitate was dried in a furnace at 300℃ for 2 

hours. The dried precipitate was then crushed to form Fe₃O₄/ZnO nanocomposite powder. 

 

2.2 Synthesis of Graphene Quantum Dots (GQDs) 

The synthesis of GQDs from rice husk was carried out using the hydrothermal method. Initially, 

the rice husk was cleaned to remove dust and soil impurities. The cleaned rice husk was then dried in 

an oven at 110℃ for 2 hours to reduce water content. Subsequently, it was placed in a furnace at 400℃ 

for 2 hours until it became carbon (charcoal). Next, 0.2 grams of rice husk carbon powder was mixed 

with 5 ml, 7.5 ml, and 10 ml of isopropanol, and dissolved in 50 ml of distilled water. This mixture was 

then sonicated for 30 minutes to improve the homogeneity of the solution. After sonication, the solution 

was transferred to an autoclave and heated at 200℃ for 6 hours. Following this, the solution underwent 
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a filtration process using 0.2 mm Wattman filter paper to separate the carbon deposits, which were then 

dried. The resulting precipitate was placed in a furnace at 200℃ for 10 hours. Finally, the dried 

precipitate was crushed to produce GQDs powder. 

 

2.3 Synthesis of Fe3O4/ZnO/GQDs Nanocomposite 

The synthesis of Fe₃O₄/ZnO/GQDs nanocomposite was carried out using the sonication method. 

A total of 0.2 grams of Fe₃O₄/ZnO nanocomposite and 0.05 grams of GQDs were weighed and then 

dissolved in 30 ml of distilled water. Once dissolved, the solution was sonicated for 1 hour. The 

sonicated solution was then centrifuged to separate the precipitate. The resulting precipitate was placed 

in a furnace at 200℃ for 1 hour. The dried precipitate was then crushed to produce Fe₃O₄/ZnO/GQDs 

nanocomposite powder.  

The flow chart in Figure 1 illustrates the research process for the Fe₃O₄/ZnO/GQDs 

nanocomposite. 

 

Figure 1 Research flow chart. 
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2.4 Characterization 

The synthesized nanocomposite was characterized using an X-ray diffractometer (Bruker D8 

Advance), a UV-Vis spectrophotometer, photoluminescence (Horiba MicrO Photoluminescence 

Microspectrometer), and transmission electron microscopy (FEI Tecnai G2 20 S-Twin). The 

determination of crystal size in Fe₃O₄/ZnO/GQDs nanocomposite samples was calculated based on the 

Debye-Scherrer Equation, systematically presented in Equation (1). 

 




cosB

K
D =  (1) 

where D is the nanoparticle crystalline size (nm) , K is crystal dimension (0.9), λ is wavelength of the 

X-ray used (nm), B is half-maximum peak width (rad) and 𝜃 is X-ray diffraction angle. 

3. RESULTS AND DISCUSSION  

3.1 Structure and Size Analysis  

XRD characterization aims to determine the structure and crystal size of the Fe₃O₄/ZnO/GQDs 

nanocomposite with varying concentrations of isopropanol. Figure 2 presents the X-ray diffraction 

pattern of Fe₃O₄/ZnO nanocomposites and Fe₃O₄/ZnO/GQDs nanocomposites with different 

isopropanol variations. 

 

Figure 2 X-ray diffraction patterns of Fe3O4/ZnO nanocomposites and Fe3O4/ZnO/GQDs nanocomposites with 

isopropanol variation. 

The diffraction pattern of the Fe₃O₄/ZnO/GQDs nanocomposite with 5 ml of isopropanol shows 

the highest diffraction peak at an angle 2θ = 35.7322°. According to the International Diffraction 

Database (ICDD) standard data, the crystal structures formed are Fe₃O₄ (cubic), ZnO (hexagonal), and 

carbon (rhombohedral). The Fe₃O₄/ZnO/GQDs nanocomposite with 7.5 ml of isopropanol exhibits the 

highest diffraction peak at 2θ = 35.6193°. Based on ICDD standard data, the crystal structures formed 

are Fe₃O₄ (orthorhombic), ZnO (hexagonal), and carbon (hexagonal). The Fe₃O₄/ZnO/GQDs 

nanocomposite with 10 ml of isopropanol shows the highest diffraction peak at 2θ = 35.5531°. 

According to ICDD standard data, the crystal structures formed are Fe₃O₄ (cubic), ZnO (hexagonal), 

and carbon (hexagonal). 
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The maximum diffraction peak produced by the Fe₃O₄/ZnO/GQDs nanocomposite decreases 

due to the presence of carbon in the Fe₃O₄/ZnO nanocomposite, which affects the crystal structure. This 

results in a broadening of the diffraction peak and a decrease in intensity (Manikandan et al., 2020). The 

differing crystal structures of the Fe₃O₄/ZnO/GQDs nanocomposites with varying isopropanol 

concentrations are attributed to changes in the crystal structure due to the addition of carbon elements 

in ZnO and Fe₃O₄. When Fe₃O₄ or carbon is mixed with other compounds, it forms new compounds, 

such as Fe₃O₄/ZnO nanocomposites and Fe₃O₄/ZnO/GQDs nanocomposites (Selezneva et al., 2022). 

The crystal structure of ZnO is hexagonal wurtzite, the most stable form (Morkoç & Özgür, 2008). The 

crystal structure of Fe₃O₄ is cubic (Gupta et al., 2021). The crystal size of the Fe₃O₄/ZnO/GQDs 

nanocomposite with three isopropanol variations, as determined using the Scherrer Equation, is 

presented in Table 1. 

Table 1 Crystal size.  

Sample  λ (nm) B (rad) Cos θ D (nm) 

Fe3O4/ZnO  Fe3O4 0.15 0.0071 0.46 42.03 

 ZnO 0.15 0.0054 0.75 34.5 

Fe3O4/ZnO/GQDs 

(5 ml) 

Fe3O4 0.15 0.0054 0.55 46.72 

 ZnO 0.15 0.0027 0.77 67.33 

Fe3O4/ZnO/GQDs 

(7.5 ml) 

Fe3O4 0.15 0.0089 0.5 30.68 

 ZnO 0.15 0.0027 0.74 70.10 

Fe3O4/ZnO/GQDs 

(10 ml) 

Fe3O4 0.15 0.0027 0.48 108.44 

 ZnO 0.15 0.0044 0.74 41.73 

 
The largest crystal size is found in the Fe₃O₄/ZnO/GQDs nanocomposite (10 ml), measuring 

108.4443 nm, while the smallest crystal size is in the Fe₃O₄/ZnO/GQDs nanocomposite (7.5 ml), 

measuring 30.67967 nm. The width of the diffraction peak is inversely related to the crystal size; smaller 

crystal sizes exhibit a larger Full Width at Half Maximum (FWHM), resulting in broader diffraction 

peaks (Lapailaka & Triandi, 2013). According to Gupta et al. (2021), smaller crystal sizes can affect the 

crystal structure, and a more ordered crystal structure can improve the optical properties of the material. 

The particle size was characterized using High-Resolution Transmission Electron Microscopy 

(HR-TEM). The TEM test results are shown in Figure 3. The TEM results for the Fe₃O₄/ZnO/GQDs 

nanocomposite (10 ml) in Figure 3b highlight sections indicating the formation of reflections 

corresponding to the Fe₃O₄, ZnO, and GQDs phases. From the high-resolution HR-TEM image (Figure 

3b), the lattice pattern of Fe₃O₄ is not visible, likely due to the thick ZnO layer. However, the dark-

colored particles observed in the HR-TEM images are attributed to Fe₃O₄ nanoparticles, while the bright 

particles are attributed to ZnO nanoparticles (Gupta et al., 2021). GQDs are derived from particles with 

a crystal structure consisting of thin graphene layers in hexagonal patterns (Ganganboina et al., 2017). 

The average particle size of the Fe₃O₄/ZnO/GQDs nanocomposite (10 ml) is 16.2 nm. 

Comparing the XRD results for crystal size with the TEM results for average particle size reveals a 

discrepancy. This difference may be due to aggregation, agglomeration (Ramanenka et al., 2020), or 

even crystal defects in the Fe₃O₄/ZnO/GQDs nanocomposite. These factors can affect the width of the 

diffraction peaks in the XRD results and complicate the identification of individual particles, making 

them appear smaller (Gupta et al., 2021). 
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(a) 

 

(b) 

Figure 3 (a) TEM results of Fe3O4/ZnO/GQDs nanocomposite (10 ml) with a scale of 50 nm  and (b) TEM 

results of Fe3O4/ZnO/GQDs nanocomposite (10 ml) with a scale of 10 nm. 

3.2 UV-Vis Spectrophotometer Analysis  

UV-Vis spectrophotometer characterization was used to determine the absorbance spectrum and 

energy band gap width. The absorbance spectra of Fe₃O₄/ZnO/GQDs nanocomposites with three 

variations of isopropanol concentration are shown in Figure 4. 

 

 

Figure 4 Absorbance spectra of Fe3O4/ZnO nanocomposite and Fe3O4/ZnO /GQDs nanocomposite with 

isopropanol variation.  

The absorbance spectrum analysis shows that the wavelengths of Fe₃O₄/ZnO nanocomposite 

and Fe₃O₄/ZnO/GQDs nanocomposite with varying isopropanol concentrations can absorb light within 

the 300-400 nm range, which is within the visible light spectrum. In the Fe₃O₄/ZnO nanocomposite, 

light absorption occurs below 400 nm, concentrating some light in the UV region (Xu et al., 2023). 

However, the presence of GQDs in the Fe₃O₄/ZnO nanocomposite results in continuous absorbance in 

the visible light region as the isopropanol concentration in the GQDs increases (Liang et al., 2020). 

The energy band gap value was determined based on the absorbance spectrum, which was then 

processed using the Tauc plot method. The results of the energy band gap values for Fe₃O₄/ZnO 
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nanocomposite and Fe₃O₄/ZnO/GQDs nanocomposite with varying isopropanol concentrations are 

shown in Figure 5. 

 

 

Figure 5 Energy band gap values of Fe3O4/ZnO nanocomposite and Fe3O4/ZnO /GQDs nanocomposite with 

isopropanol variation  

The energy band gap value obtained is different for each sample. For the Fe₃O₄/ZnO 

nanocomposite, the band gap is 1.69 eV. For the Fe₃O₄/ZnO/GQDs nanocomposite with 5 ml of 

isopropanol, the band gap is 1.70 eV; with 7.5 ml of isopropanol, the band gap is 1.71 eV; and with 10 

ml of isopropanol, the band gap is 1.74 eV. Based on these results, the energy band gap value increases 

with the addition of isopropanol to the GQDs. The GQDs, which possess good mechanical properties 

and high electrical conductivity, can be effectively influenced by the presence of the Fe₃O₄/ZnO 

nanocomposite (Jana & Scheer, 2018). 

 

Figure 6 Photoluminescence result of Fe3O4/ZnO nanocomposite and Fe3O4/ZnO/GQDs nanocomposite with 

isopropanol variation. 

 

3.3 Photoluminescence (PL) Spectroscopy Analysis 

PL characterization was performed to determine the luminous properties of Fe₃O₄/ZnO/GQDs 

nanocomposite with varying isopropanol concentrations. PL characterization uses laser light at 325 nm 
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to produce the spectrum shown in Figure 6. The photoluminescence results of Fe₃O₄/ZnO/GQDs 

nanocomposites with isopropanol variations show the same wavelength range (350-1100 nm) and the 

same emission peaks, producing two strong and sharp emission bands centered around 380 nm (UV 

emission peak) and different intensity values. The near-band edge (NBE) the UV emission peak 

indicates excitons from the optical activity of ZnO's intrinsic defects. The visible light emission peak (λ 

= 500–780 nm) in the second band is indicative of deep-level defects (DLE) in ZnO. The PL spectrum 

can be well dispersed after mixing with varying concentrations of isopropanol in GQDs; the role of 

isopropanol can improve optical properties and increase luminescence (Ramanenka et al., 2020). The 

interaction between Fe₃O₄/ZnO and GQDs in the Fe₃O₄/ZnO/GQDs nanocomposite increases 

luminescence (Sajjad et al., 2018) due to changes in light emission in Fe₃O₄/ZnO after mixing GQDs 

with isopropanol variations (Deng et al., 2017). 

The broad emission peak contains five characteristic peaks: orange emission bands centered at 

597 nm and 611 nm, and red emission bands centered at 626 nm, 641 nm, and 665 nm. The second 

relatively strong emission peak is centered at 759 nm. The luminescence in each sample when GQDs 

are applied to Fe₃O₄/ZnO nanocomposites is influenced by factors from the solvent and doping effects 

(Zhu et al., 2015). The appearance of strong and broad emission peaks indicates that Fe₃O₄/ZnO/GQDs 

nanocomposites are suitable for bioimaging applications (Gupta et al., 2021). 

4. CONCLUSION  

The crystal structure of the Fe₃O₄/ZnO/GQDs nanocomposite varies with isopropanol 

concentration due to changes in the crystal structure from adding carbon elements into ZnO and Fe₃O₄. 

The largest crystal size is found in the Fe₃O₄/ZnO/GQDs nanocomposite with 10 ml of isopropanol, with 

an average particle size of 16.2 nm. The smallest crystal size is found in the Fe₃O₄/ZnO/GQDs 

nanocomposite with 7.5 ml of isopropanol. UV-Vis results show that Fe₃O₄/ZnO nanocomposite and 

variations of Fe₃O₄/ZnO/GQDs nanocomposite have different absorbance peaks at wavelengths of 323.7 

nm, 333.0 nm, 329.9 nm, and 323.9 nm. The band gap values obtained are 1.69 eV, 1.70 eV, 1.71 eV, 

and 1.74 eV, respectively. PL results show a wavelength range of 350-1100 nm, producing a strong, 

sharp emission peak centered at 380 nm. The resulting photoluminescence colors are orange and red. 
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